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(54) Functional eurfacee for chemical reactione and proceee for the preparation thereof 



(57) The invention concerns a solid phase surface 
structure and a process lor preparing such a structure. 
The surface structure comprises functional groups on 
the surface of a substrate. The species of a reactant fed 
m gas or liquid phase is bound at least temporarily to 
said groups due to the interaction between said species 
and said functional group during a chemical reaction. 
According to the invention absent tatty ail of the function- 
al groups are attached to the substrate via a bridging 
group bound to the surface atoms of the substrata, the 
surface binding sites being so far from the surface of the 
substrate that the surface of the substrate does not have 
any significant influence on the interaction between the 
surface binding sites and the reactant species. The 
functionalized surface structures can be provided by re- 
acting an inorganic oxide support with a compound or 



formula (I) 



r'ax 1 



(I) 



wherein A is silicon, tin. germanium or carbon. R 1 is a 
hydrocarbon group and X 1 is a functional group. The re- 
action between the support and the compound of for- 
mula I is carried out under surface bond selective con- 
ditions and the reaction is continued until essentially all 
of the hydroxy! groups of the inorganic surface have re- 
acted under surface bond selective conditions. By 
means of the invention functionalized surfaces are pro- 
vided which can be used for chromatographic applica- 
tions and as catalyst supports. 
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Description 

The present invention concerns a functionalized surlace structure according to the preamble of claim l for carrying 
out chemical reactions during which the species oJ a reactant fed in liquid or gas phase is bound to the functional 
groups of the surface structure due to mteracton between the groups and the species 

The invention also concerns a process according to the preamble ol claim 11 lor preparing functionated surface 
structures. 

In the context of the present invention, the term funclionalized surface structure* is used to rsf er to a solid substrate 
with functional groups bound thereto, the functional groups being capable ol reacting with the species of the reactant 
fed n liquid or gas phase, that is. with molecules, ions, or chemical compounds. Functional surfaces are used in, e.g.. 
chromatography and adsorption mass applications whereby desired chemical species, such as metals or solvent mol- 
ecules, are at least temporarily bound to the functional groups ol the surface structure from the sample examined. 

The above definition ol functionalized surface structures also covers supports ol heterogeneous catalysts which 
typically comprise an ^organic oxide whereby a catatyticatty active metal or metal compound may be bound to the 
surface functional groups, e.g.. hydroxy! groups, ol the inorganic oxide, in order to obtain a catalyst. An important 
advantage provided by the thus prepared heterogeneous catalysts over homogeneous catalysts, i.e.. catalysts soluble 
in the reaction medium, consists in easy processability (purification, activation, etc.) ol the catalyst. However, a disad- 
vantage may ta considered to lie therein that the support material often affects the catalyzed reaction; the catalytic 
properties of the transition metal and the carrier are many times even impossible to tell apart. Thus, the homo- and 
20 copofymerization of. e.g.. ethylene and other 1 -olefins with heterogeneous Ziegler-Natta catalysts wiP. due to the effect 
of the support, provtie poiyolenhs with a broad molecular weight distribution (> 4 to 5). whereas homogeneous catalysts 
will provtie a narrow molecular weight distribution. 

Problems may also arise in the case of other functional surfaces when boch original surface groupe and new 
functional groups bound to the surface are present in the surface structure. In addition to the fact that the groupe will 
« be in competition with each other for the binding of chemical species, impurities such as water molecules bound to the 
original surface groups may impair and interfere with the operation ol the functionalized surface in. e.g.. adsorption 
mass applications. The sensitivity of chromatographic separation/assay is reduced if the chromatosubstrate comprises 

groups with different affinities. These will easily produce the so called tailing effect 

The purpose of the present invention is to eliminate the drawbacks hampering the prior art and to accomplish a 
x? functionalized surface structure characterized by easy processability and handling of conventional so*8>hase surfac- 
es, whereby, however, the functional properties of the structure are determined exclusively or at toast mainry on the 
basis ol functional groupe separately bonded to the surface. The invention also aims at providing a procees for the 
preparation ol such surface structures. 

The rwention is based on the concept ol heterogenization ol the functional groupe. Le.. they are attached from 
35 gas phase onto a solid support by using bridging groups which can be bound to the surface of the support with covalent 
bonds or other stable bonds and which are of a size rendering the functional influence of the functional groups inde- 
pendent of the support surface. 

The bridging ccrnpound used for the afore-described heterogenization preferably contains two functional groups, 
one at each end thereof, whereby one ol the functionaJ groups forms a bond (e.g. a covalent bond) with the surface 
40 binding sites of the inorganic surlace (e.g. the hydroxyl groups or tensioned metal-oxygen-metal bridges of the surface) 
and the other one is left free after the reaction for desired additional reactions. 

In particular the cornpounds of the presented type are bound to all or essentially all available surface binding sites, 
mostly the hydroxyl groups, under surface bond selective conditions. 

More specifically, the solution according to the invention is mainry characterized by what is stated in the charac- 
terizing part of claim 1 . 

The process according to the invention is. again, characterized by what is stated in the characterizing part ol claim 
11 The present invention will now be examined more closely with the he^> of a detailed description and a number of 



dung examples. 

The rwention concerns synthettzationof functionaJ surfaces on inorganic surfaces, such as silicon oxide. aJuminium 
oxide, titanium oxide, and other srnsar supports, to provide 'a soe*phase surlace structure*, in other words a structure 
wherein the substrate comprisee a solid substance. In its general form the invention comprises binding of functional 
groups to a substrate v* a bridging group attached to the surface atoms of said substrate, whereby the functional 
groups are placed so far from the surface of the substrate that said surface does not have any significant influence on 

the interaction between the functional groups and the reactant species fed in liquid or gas phase. 

Thus, a support or a srnitar solid surtacs is reacted under surtacs bond selective conditions with a compound of 
formula (I) 
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r'ax' « 



wn.rein fi< e a hydrocarbon r.».du. (d. the delini.ion of the group beto^ A J. an ' a 

* with a surface atom or group ol surface atom, on the surface ot the support, and >0 • a lunetonel group. Preferably 

A is sileon. tin. germanium or carbon. ~ ™wh<,l 

Qua to the Meracten with the ^organic support, the compound ff«0 reacts with ^^cytO^ « 
oxygen-metal bridges ol the surface, whereby fi'AX' is bound via the oxygen » m. and XMo^ Jeav*>g 

hydrocarbon chain H' form, a Ihker or bridge group to the outer end <* when any d~xed functional group 
'0 orstructure can be attached once thabridging group h« been bound to the wnaceo(e^.ub«r»te. 

For produc-ng the bridge group bound to the autttrnt. a roactan. » I**"* <M< TT^Z 
groups, one ol wheh terms a bond (e g a covalent bond) with the surface bndxtg MM (•» the 
tension* s^c^rygen-sacon bridge o< the oorgane surface, whereas ^ ether one 

.or desired further reaction, during wheh * forms me new surface bxxfcng Ma. ^I^^f^^" 
•* these functional group, there * a bridge group which isotefe. the group, from each odw. d * uinc0 
between the .urtace bonding sites and the .urtace atom, of the subetrate « at least 20 nm. typeally more. 

A compound ol formula (II) 



xVax 1 <"> 



i. preferably u.ed. wherein X' and X* can be the same or different and they stand for a functional group or structure 

and R' and A have the same meaning a» above. .. . 

The bridgxtg group R' comprise, in both cases typeally a linear, branched or cycle hydrocarbon group, wheh 

* pJI? ccnSin. 1, leL, one het.roatom. Thus, the bridging group can comprise an.^or^en. group wheh 
poL.bly contain, on. hetero atom, .uch a. sulphur, oxygen or nitrogen. The group of formula -(CHjV. * • 

abo^ZLs ,1) and (II, are listed * the fodowing: alcohols ^^Z^'^^'^S^- 
30 (RCHO). ketone. (fijCO). carboxylc acxJs (fi-CO^). carboxyte anhydnde. ^^•^^^^^ 
RCOOH). ester, (MOCyi). amrtes (R-CONH,). amnee (R-NHj), n.ro compound. £*2*>*"» 
thois (R-SH) in the above fonnula. R .tands for hydrocarbyt radicals, typeary *atu*ted or .maturated, hnaar or 
branched hydrocarbon group*, such a* C,., 0 alkyt or alkenyf or aryteite group* 

in the S (i) and (II) the group -AX* preferably corr^pond. to the tormut. V^J*^?™*™ 

* M is a tetravaient metal or semm.tal. .uch a. ..Icon, tin or g.rman«m. or ca V"* * 
,s a orouo wheh ia hydroryzable when the termnal group react, wrth the .urtace biding s<ee and Fr is hydrogen or 
a ^TaWLp T^^mTna. group anchor, th. bndg. group to the surface of the subetrote. Parteular* preferred 
terminal groups are the silanes represented by the loonuta (IV) 



wherein R» and X» have the same meaning as above. an .kro con- 

the chemical properties of trend germanium are similar to those of .Aeon, and their compound, are abo con- 

" ^SS'^T^^rr^ prrfereb* 

oroo^ ^.^^vhe«- atom nav^ a W^gth * about 24 ^"^'^^ll 
S^oup c«" contax, a pT-oy^e nng or char cycle brvaien, ^Z^T'.^^-J^Z^SZ 
len/group. and phenyfen. and naphthylen. and other eermponding heterocycle rode.- (a* r*an*xoinyt) are 

M '^X^^^^S'- -« 9 ~PWxha,^one fuetxxvu aU. U. . * M k 

capaT^ r^^t^ 0 structure. Th. group , ^-^.^b^ to^eunT 
formu^RAXi) or it can be attached to me bnd^group once the Wlar ^^^^•^ 

Functional srte, are reproved by the double and triple *n*J ^.^Se^SSiT^- 
55 . othef - ( ro-R) halide. (R-X). aldehyde. (RCHO). ketone* (RjCO). earbaxyle acid, (tw-yt), car 

b^aSvl^R^SS dSrSy e add. (HOOC-RCOOH), est.r. (fVCOOjR). aroWe* (ftCONH,). amrto. 

^H^o^p^ (^C^ («C^). ^ <h* above formula. R represent, hydrocarbv. 
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to 



radicals and has the same meaning as above 

Ol particular importance among me abovementioned lunctwnal structures and groups are. lor me purpose ol the 
ores** applieabon. diene-rng structures (e.g. the cyeiopentad-ne group, the wJenyl group, the fluorene group etc.). 
wherein the conjugated diene svutfure is capable of ceacwg via a Diets-Alder reaction with compounds contairwng 
double bonds. Other mportant groups are tricarboxylic acid, carboxylic anhydride, alcohol, ether and fester groups. 

The substrate ol the lunetional surlaeee should be stable at those temperatures (typically > 200 C) where the 
bridge corrpound is attached to its surface. In particular the substrate is an inorganic and* selected from «hegroup 
ecmiLing ol silicon dox.de (silica), atumiiium oxide, silicon dioxUe ■ aluminium oxide synthetic and l ^"*<" 
and aluminium .Scales, magnesium ox*. h»gn«ium silicate, titanium oxide and 

these compounds typically .ready contains the aforementioned hydroxy, grups and mettKxygenmetaKbrxJges 

which function as surface binding groups. ^—-.taiM 

Based on the above, according to a particularly preferred embodiment of the nventxjn an norganeoxxJe eontammg 
the above-mentioned hydroxyl or bridge groups is reacted with a compound according to formula (V) 



20 A is silicon germanium, tin or carbon, which is capable of being bound to one. two or three surface oxygen atoms. 
R' is an non-hydrolyzable functional group or a reactive chemcal structure which bnds to A via a bndg.ng group. 

* I rhySy'z^group which reacts with the hydroxy or metahoxygen-metartrxJges ol the inorganic oxide, and 
m is an integer 0. 1. or 2. 

When the compound ol lormuia (V) reads with the surface ol the support i is bound to the surface typically via 
one or two oxygen groups, the group left on the surface ol the support having the lormuia \* 

of formula Vb 

•R'AtVV^ C*t 

wheretn n is an integer 0 or 1 and X*. W and R* have the same meaning aa above. 
The invention can be applied to the preparation of surface, for different uw. 

can be u** in reaction, where reactant spec* led in gas or liquid phase are at least temporary ^*>» '°^ 
40 .meraction between said specie, and said functional group. These different axematives are examred n more detail 

Z^.^^T^Z ^1 rrod^ support, lor cataty«.. When modified supports ol pmcatalysf. 

STns^ Za^^Tpr3^e group R' c< the compound according to tormui. V praterabfy sf^for 

a Season group vmch . capTbto o. lorming a o,^tcna^mtm^Mn<m*brim*M 

metalcarpc^ridbyccrnpiexing R 1 ie capable ol binding to at least one ol the lolbwing metals or a compound^ 
«« LTSxTX ^£7&Nb. Mo.Tru. Rh. Hf . Ta. W. Re. Oe. or Ir. Particularly preferred metal. 

belonging to group. IVA. VA and VIA ol the periodie table, in particular chromium, hafnium, titanium and *'r*on'um. 

^i^Z^ZSL auppotf. a. wl a. lor the preparation of ether f unctiona. .urtac^R^n be a 

ITa evck^tadfamrfW »u^ 
A^2^^1SSSra^^ 

foT.t^S^ng cc^ bond n term, cf caU^icj^vvr^a <"^"£ 
.xkrfng Fa. Co, Cr. Tl. * Ru. HI and Rh. Furtherrrxxe. cyckpen.adi.ny. - >^ ±^' C ^ 

« dride groups, which make surface structure suitable lor absorp.cn purposes, among^ "^^eat^. 

R*iTainaar or branched C,. 16 alkyl group. particularly a lower aUcyt group such a. a methyl, ethyl, tvpropyl and 
iaopropyf. n-buryt, ■otoutyl and tert-butyt or any penty. or hexyl group. 
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R* is a methylene chain contaning advantageously 2 - 4 cartoons (such as Bn ethylene, propylene or butytene 
chain). 

X it selected from the group consisting ol aikyl (-R s ). alkoxy (-OR s ). cartooxylic acid (-OO'CR 5 ). amine (-NR 5 2 ) and 
chlorine (-CI). herein R* represents an alifauc hydrocarbon chain having 1 to 10 cartoon atoms. X is advantageously 

s an alkoxy (OR 5 ), cartooxylic acid (-OOCR 5 ). amne (-NR* 2 ) or chlorine (-CI). therein R* represents an static hydro- 
cartoon chain having 1 to 10 cartoon atoms X is preferably methoxy or ethoxy. When the atoove-mentioned sitane 
compound reacts with an inorganic oxide, the bond between the silicon atom and the group X* is replaced by a bond 
between an inorganic compound and the silicon atom. Methoxy and ethoxy are particularly preferred of the X 1 group* 
and they form ethanol or methanol when they react with water or with the hydroxy! groups of the inorganic surface. 

io Because chlorosilanas form hydrochloric acid as a side-product they are less preferred. 

The sitane compound mentioned in the examples below, (EtO^SitCHj^Cp. is a good bridging compound between 
a transition metal or a functional group which are to be bound to a support and, e.g.. a porous support having a large 
surface, such as silica and aluminium oxide. The methylene chain between the silicon atom and the cyctopeniadienyt 
group also potential* softens the heterogeneous character of the inorganic oxides 

is The process accordrtg to the present invention is advantageously carried out under surtace-boncHeled V* reac- 

tion conditions. In the context of the present invention, this term means that the reactant is attached in vapour phase 
to the surface of a solid material (inorganic oxide) under conditions in which the properties of the surface determine 
the amount of reactant bound to the surface The preparation of catalysts under surface-bond- selective conditions is 
described, e.g.. in Fl Pat. Nos. 84562 and 87B92. 

20 in the present method, the suitable reagent is bound in vapour phase to the support The reagent is evaporated 
separately from the support and the vapourized reagent is taken to a reaction chamber, wherein if is reacted with an 
inorganic oxide compound acting as the support. During the reaction, the support is maintained at a temperature which 
is above the vapour condensation temperature, and simultaneously, to high that the minimum thermal activation energy 
necessary for the formation of chemical bonds between the heterogenizing compound and the surface bond sites of 

25 the support, is attained (thus accomplishing the chemisorption of the heterogenizing compound). Through this tech- 
nique, a support suitable for bonding the transition metal is achieved. 

By the present process the linking agent, e.g. a sitane compound, can be attached directly by a gas phase reaction 
to a support without any difficult hydroryzation step lor aikoxysdanes andrbr use of organic solvents. In t>e present 
surface bond selective method, after the reaction the compound is ready for binding a transition metal or tor other 

x> reactions. 

As mentioned above, the solution according to the invention can be used for heterogenization of catalysts The 
invention is part cu tarty wel suited for the preparation of olefin catalysts. Within the context of the present invention 
the term •hete^ogenization• is used to refer to the «oiatcn and stabilization of catalytcalry active metal compounds 
whch are usually unstable in the rxxnogenepua phase, by bonding a spacer compound (heterogen ization ccrnpound) 
25 which is compatible with the precursor of the catalyst to the surface of an inorganic oxide (e.g., SO* AljO* TO* ZrOj). 

However, the cycbpentadienyl surface according to the invention can also be used for cycloactttion reactions of 
the Die is* Aider type, whereby a cartooxylic anhydnde surface may be formed from the cyclopentadienyl surface by 
reacthg a maleic acid anhydride with the surface at a tow temperature. The next step may comprise reacting the 
anhydride surface with water, thus allowing for the formation of a cartooxylic acd surface capable of bnding metal 
<o atoms from water or other potar anoVor organic solvents. 

The solution according to the inventcn may be used to prepare even other functional surfaces. Thus, alcoholi (- 
OH)- or ether (OCH 3 tai -OCHjCH^} surfaces can toe prepared on a silicon oxide surface by using organic cHaJcohols. 
or coneac<3ridtogry. alcohol ethers, preferably at a high reaction temperature (> 200 *C). 

The reagents have the general formula VI 

45 

HO-R*OR ? (VI) 

wherein 

so 

R* represents a -(CH^ group where k is an integer t to 4, and 

R 7 is a hydrogen atom or an aJkyl group (-R 6 ), where R* has the same meaning ae above. 

The present invention is well suited for the preparation of an alcohol surface because, e.g.. the number of alcoholic 
55 OH groups is greater than t.5 OH groupatom 2 in the case of porous silicon oxide having a great surface area when 
ethylene glycol HOCHjCHjOH is used as the reacting alcohol. It has unexpected* been found that when the above 
reaction is carried out at surface bond selective conditions at +300 •C. al groups except the internal Si-OH groups will 
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d.sappaar Irom the sHcon oxide surface which has been heat treated at 600 «C for 1 6 hours prior to the reactor, When 
a pnmary alcohol such as ethanot s used instead ot ethylene glycol, separate SiOH groups are v,sit>le .n the FT-IR 
ipecirum. as in the case ot the original heat Mated s.liooo 6x.de Similarty. a carbon analy s* shows that the ethanot 
treated silicon oxide contains less carbon atoms by hall per nm* when compared to ethylene 9tycol. 

S Corresponding*, an ether surface may be produced by using, e g.. 2-methoxy ethand (CHjQCHjCHjOH) or 

2-ethoxy ethanol (CHjCHjOCHjCHjOH) instead ol ethylene glycol.. Organic phenyl surface* may ^P^" 3 
using phenyl triethoxy siiane. whereby R« in Formula I represents a phenylena group and *V^*^^* 
are provided by the cydc carbon atoms ot the. phenyUn. ring At wish, functional group, may be bonded tothe phenyl 
surfaces, such a, anVteohol (ROH). ether (RO-R). haft*. (R-X). aldehyde (RCHO). ketone (R^ca^xyljc** 

,e rS»,H). carboxyuc acid anhydnd. (fVCO^. cficarboxyfc acid ^^^^^^T^ 
CONHj). aminine (R-NHj). nitro eompund (R-NO,). nitrile (RC=N) or thiote (R-SH). R «ands lor a hydrocarbon group. 

The functional groups cited may also be bonded to the phenyl reagent. 

The term 'surtace^ond site* refer* to a functional group on the support surface capable ol reactngj with the tran- 
sition metal or a compound thereof. The pre^t invention make. parti«il«uee of the reacbon of euchjr unctxx* 

,« group with a group havhg the formula -AFftJ^ Generally, the surface-bond ■* te ^W^IW" 
a rnetal-oxy^erwnetal bridge, whereby the reaction between the at>ov*menboned group, prow*, on the support 
surface a molecular structure represented by the formula -A(R» M )X(i. „>0-rnetaJ atom 

The invention oflers s^mcam benefits. Thus, it has been found thai * the potymerttatwn of ethen. us»>g e catalyst 
in which a transition metal compound is bonded to a support surface carrying a dtene-ring structure wnch ^epared 

*o according to the invention, together with a methylaluminium oxan. (MAO) ««taly«Jh. 

obtained has a sufficiently high molecular weight <M« > 100 000) for commeroat appbcatons and also has » narrow 
modular weight d-slribJcnTw^ < 3). Such a narrow molecular weight distortion cannot be atta-ned by mesne 
oTcc^v^.o^h...rog^eoJs £^.r-Nstts catalyst, .uch a. CrOySO, or TCVMgCI, «W without a mert-dty 
reduced catalyst activity. , 

* The functional surface, according tothe invention may. among other thtng.. be used to further produce a t™"**"" 
metal surface bound to the functional surface, such as zirconium metal bound to cyctopentadtene wrthout any ^eracbon 
of the hydroxy! groups of the original surface with the bound metal, because essentially al surface liydroxyl groups of 
«• irwr^oxldeare reacted dumg the reaction between an inorganic oxide and a bridging agent under surface- 
so ^ TOs^sSd^y*the examples according to fce invention. Inorganic hydroxyle are present in a large «rount 
when the same read on « carried out in dteeotved phase by hydrolyiing a eUane alkoxy compound 
method [ref. G. L. WHucki. J. Coat. Technol. fig (1993) 57]. Moreover, the luncl^taatoi may be camedotf « one 
step according to the present invention, and after the reaction, the product '^^^^J^T^*' 
without arduous washing and dryiig stepe. The proces.-related advantage provided by the twentcn and it. effect on 

3S the product are illustrated in Figs. 1 and 2. , luIlm . 

Furthermore. lunctional surface may be employed tor simple production ot organ* surfaces surted lor chroma- 
tographic applications n one or several process steps. where« conv^ton* stfution is^iquee 
tk^oonsuming sotvan, washing and dryvtg Steps arid eeparation op.rat.on. berw~n " 
well as n many cases method, canted out under prsswre. i . simrfar resul . arned at .. . * 
40 the process of the invention. At the same time, the product has a minimal amount of surface hydroxyf fl""J» « «" 
inorganic acid wtth a detrimental effect on chromatographic Mpamtten. whereby these group, require Metengby 
means of a separate reaction whan a convMonal **rton technique is used. Chromatographc applcabons « ge. 

" ^ITZ^lT^Lr^ -examined * greater detail by using modified support, suited lor the ^ration 
4 S c procatatysts sa«*nptee. Other functional .urtaces may be provided in an analogous manner. The nven.cn * 
illustrated by the annexed drawings wherein 



Figure 1 te e echentie diagram ot the bonding proceu - a^nxysrtane to 'J^^^J^^^ 
Figur.2teaeehan«tedtegramolthe bonding proceeeof alkoxy Mart, to aerate under eurfac^bondeel^tlv. 

Sel^owa an FT-.R spectrum 1 relating to the reaction * sitai oxide teOB-C ^^^j* 
F^re 4 show, an FT-IR spectra Z «a**9 to the reaction ot a cyctop«ita^ surtac. wth a male* acxl 

ZSZTJZZ "m* 3. ratting to m. rsection of ethanol wkh a -icon oxide at ^00 -C. Mparat. 
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for 16 hours. 

Figure 8 shows an FT-IR spectrum 6. relating to the reaction of Z2-dimeihyl propane dol with silicon oxide, the 
Si-OH groups leaving the silicon oxide surface and the OH peak or the isolated organic alcohol emerging, and 
Figure 9 shows an FT-IR spectrum 7. relatng to the reaction of 2-athyK 2-butyl propane dioi at 050 # C with a 
s silicon oxide surface, the Si-OH groups leaving the sdcon oxide surface and the OH peak of the isolated organic 

alcohol emerging. 

In the appended drawings, reter here to Figs. 1 and 2. are shown the diagrammatic steps of methods for catalyst 
preparation n liquid phase and gas phase, respectively The diagram of Fig. 1 is based on the preparation technique 

»o described by Witucki [G.L Witucki. J. Coal. Technol. ffi (1993) 57], while the method according to the invention is 
illustrated ri Fig 2. As is evident from the diagrams, the technique disclosed by Witucki requires three different reactions 
for bonding the alkoxy silanes to the support surface. By contrast, the present invention makes it possible to perform 
the bonding of the cyctopentadienyl silane compound or an equivalent heterogenizing compound to an inorganic ma- 
terial surface in a single step by reacting said compound wrth the hydroxyl groups and siloxane brx*ges of the surface 

is in gas phase as is described later in conjunction with the example using silica as the support The thus synthesized 
surface structure can be utilized directly tor attaching said transition metal compounds by a covalent bond to the support 
surface. No solvents or drying steps are required in the preparation of the cyctopentadienyl surface structure. 

According to a preferred embodiment of the invention, the preparation of the catalyst comprises the following steps: 
1 ) Pretreatment of the oxide support 2) evaporation of the surface treatment reagents) and attachment thereof to the 

zo support surface in order to prepare a modified support 3) attachment of transition metal to the surface of the modified 
support, and 4) optional treatment of the catalyst with organic aluminium compounds. Steps 1 • 3 are also illustrated 
in Fig. 2, wherein the attachment of an ethoxysftane compound to a silica support is elucidated. 

Purging with an inert gas can be performed between steps 2 and 3 as well as between steps 3 and 4 when desired. 
According to the present nvention, aU reagents for steps 1 and 2 are taken into the reaction chamber in vapour 

2S phase, typically one component at a time. 

In the first step of the method, the support can be subjected to a pretreatment at elevated temperature* prior to 
the actual bonding reaction. The support is most advantageously silicon dioxide, aluminium oxide, silicon dioxide- 
aluminium oxide, magnesium oxide, magnesium silicate, titanium oxide or zirconium oxide. Such a heat treatment can 
be used to modify the number and nature of OH groups, and thereby, the amount of metal compounds bonded to the 

x support surface. The maximum temperature applicable during the pretreatment of silicon dioxide supports is about 900 
•C. while aluminium oxide is advantageously pretreated at a maximum temperature of 800 to 900 # C. In Fig. 2, the 
typical pretreatment temperature of silica is cited as 600 *C. 

The number of OH groups is reduced by subjecting the support to an elevated pretreatment temperature. The 
duration of the heat pretreatment is 1 to 40 hours, preferably 2 to 24 hours. 

35 Instead of heat treatment, or in addition thereto, the support can also be pretreated by contacting the support with 

suitable compounds capable of modifying the support surface in an advantageous manner. Thus, a silicon dioxide 
support can be treated with an aluminium compound. By reacting aluminium chloride and water vapour with silicon 
dioxide, an Alj0 3 layer can be formed, as described in Fl Pat. No. 84562. 

As is evident from the diagram, after the pretreatment the support surface has two types of group* capable of 

40 acting as surface-bond sites, namely, hydroxy! groups and sHoxane bridge*. 

In the next step of the method, the evaporated heterogenizing or surface treatment reagent is chemisorbed onto 
the support surface by contacting the reagent vapours wrth the surface. By virtue of the direct gas-solid substance 
reaction, no solvents or washing of the product are needed in the process. The vapour pressure of the evaporated 
compound is maintained sufficiency high and the time of interaction sufficiently long during the process so that aO the 

45 surface-bond sites on the support material will be saturated, or aheratrvery supersaturated, with the cataryticalry active 
component or a precursor thereof . The excess amount of the active component used in the process as compared to 
the mtntniim concentration required for complete saturation of all available surface-bond sites on the support surface 
is typicaOy 1 to 100-fold, preferably 1 to 3-foki The amount of the heterogenizing compound required for fcxming a 
monolayer can be computed with the help of the BET method from the surface area and known molecular structure of 

so the support 

According to a preferred embodiment, the reaction temperature may not fall below the minimum temperature re- 
quired for the evaporation of the reagent; otherwise condensation of the reagent wfll occur Beside*, the reagent may 
not undergo condensation at any point along its path into the reaction space. For these reason*, tho reagent temper- 
ature must not drop betow the reaction temperature. The heterogenizing compound and the operating temperature 
55 shall be selected such that decornposition of the metal compound and possWe condensation of its decomposition 
product* is avoided. 

As is evident from Fig. 2. the second step of the method is earned out with an ethoxysitane compound preferably 
at about 50 - 400 ^C. and in fact this temperature range is suitable for most alkoxysilane compounds. The lower limit 
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of cited temperature range is determined by the condensation temperature of the alkoxysriane to be evaporated at the 
pressure used and the actuation energy required lor the formation of a desired surface bond. The upper limit is deter- 
mined by the temperature at which the heierogenizing compound starts to decompose, or attematrveiy, the other tunc- 
tional group of the compound, which is ^tended to reman free, begins to react with the support surface. 

$ The reaction of the cataiyticalry active material or compounds thereof and the support is carried out either at ambient 

pressure or preferably at an elevated pressure. However, the reaction is most advantageously carried out in a partial 
vacuum The working pressure of the method is typically 0.01 - 10 MPa, aoVantageously about 0.01 - 10 MPa. Possible 
pre- and posttreatmen! steps are most advantageously performed in a partial vacuum. The gain offered by the partial 
vacuum lies therein that the reaction space stays cleaner and the diffusion speed is enhanced. The reaction Una « 

re not particularly critical with the provision that it is extended so long as to permit the evaporated reagent to tfiteract with 
the surface-bond sites of the support Hence, the reaction time can be varied, e.g.. in the range 0.5 - 25 h. while a 
reaction time ol 1 • 10 h is typically used for the treatment of a5«20g batch of support material. 

The evaporated heterogenizmg compound can be introduced into the reaction space as such, or alternatively, with 
the help of an inert carrier gas such as nitrogen or a noble gas. Most advantageously, an inerl-gae atmosphere » used 

i5 and the same fieri gas is employed as the carrier gas of the evaporated transition metal species. 

After the vapour-phase reaction, all umeacted surface-treatment reagent is removed from the reaction space as 
well as the side-products ol the reaction between the reagent and the support (e g., those formed between HCI and 
me organic residues of the reagent). Accordingly, nitrogen-gas purging is performed at reaction temperature subse- 
quent to the chemisorption reaction in order to remove me unreacted reagent and the released HCI. 

90 Next to the modified support surface, or more accurately, to me functional group of the heterogenizing reagent is 
attached a transition metal compound. The transition metal is attached to me support by introducing a transition metal 
compound of the formula MHaU or LMHal> where M is a transition metal such as Ti. Zr or Hf . Hal is a halogen and L 
is a group containing a diene-ring structure, to react with an inorganic oxide support modified by a compound having 
me composition of formula I. In a transition metal compound with the LMHalj composition. L is most aoVantageously 

25 a cyctopentadienyt group, or alternatively, a penta-. tetra-. tn-.di-or mono-alkyl. monoaryl or monosilyl derivative mere- 
o! 

According to an advantageous embodiment, me transition metal compound is a tetramethyi cyctopentadienyl. n- 
butyl cycicoentaoienyl or t-butyl cycJopentadienyl (impound of the transition metai. 

The transition metal compound can be attached to the support under surface-cond-selectwe conditions, whereby 
oo me process conditions are adjusted as described above. The attachment of me transition metal compound to me 
support surface under surface^ond-seiective conditions is described, e.g.. in Fl Pal. Noe. 84608. 84609. 95276 and 
in Fl Pat. Appl. No. 933998. 

Alternatively, me transition metal compound can be attached using a conventional impregnaton technique. Here, 
the modified support is slurried into a suitable solvent, into which the transition metal compound is added The product 
2S ts separated by filtration, followed by washing. 

After the cataiyticaJly active compounds of the transition metal have been attached to the support, the catalyst can 
be modified it can be preactivated by adding conventional organometai compounds. 

The novel catalyst prepared by me method deecnoed herein is capable of catalyzing me homo- and copolymen- 
zation of ethylene. Accordng to an embodiment, these catalysts can catalyze me porymenzation of ethylene n gas 
40 phase at an excess pressure of at least 2000 kPa resulting in a polyethylene grade with a narrow molecular weight 
distribution, whereby the pofydispersxy index is maximally 5. advantageously smaller than 3. 

The tottowmg working examples illustrate me invention: 



45 



Example 1 

Preparation of a cyctepentadlene surface under surface bond selective conditions 

In the Wbwhg. the preparation of a zirconocene prcxatalyst and me use ot such a proc 
erization wil be described The rxeparation of the procatalyst comprises h^ 
so mem* a srconotaide support 

to achieve a modmed support surface. Subsequently, the second step comprises enacting zirconium to the support 

surface f rem said cycJopentaoW 



55 



Preparation of support 



An 8 4 g batch of a comme rciaJly available SO, with a la/pe surface area (320 m*/g) (product name EP 10. man- 
ufacturer Crossneld Ltd), when had previous* been heat-treated at 200 *C lor 16 h. was transferred mto the reaction 
chamber The reactor was evacuated and me support batch was preheated at +200 *C for 3 h. Next, a 6 ml alxjuot of 
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Cp(CH,)nSi(06t) 3 evaporated at *1 00 *C. was introduced .nto the reaction chamber using nitrogen as the earner gas. 
me reacton chamber having been brought to a *200 'C operate temperature. The pressure was 0.028 MPa and the 
reaction was continued for 2 h. after when time the thus treated support was purged with a pure nitrogen gas flow (or 
1 h. The product ftm obtained contained 6.9 wt-% carbon. The IR spectrum of the product is shown in Figure 3. 

5 

Preparation of procatalysi 

The obtained modified silica (2.5 g aliquot) was suspended w> 50 ml of THF solution. The suspension wasjn^ousry 
agitated overnight at room temperature. Then, the solid matter was separated and washed three wnes wnh THRThe 

to obtained solid substance was suspended in 50 ml THF, and 0.35 g (1 .3 mmol) cyctopentadienyt zirconium tnchlonde. 
CpZrCL dissolved in THF was added dropwise into the suspension in a nitrogen atmosphere. The suspension was 
vigorous"* agitated overnight at room temperature, after which the solid substance was separated and washed twee 
with 30 ml THF and once with 30 ml diethyl ether and dried in a vacuum. Finally the product was dried m a vacuum at 
♦45 *C overnight. The product had a canary yellow colour. Results from analyses of the vacuunvdried procatatyst were 

»5 as follows: Zr 3.0 wt.-% and CM .1 wl.-%. 

Preparation of reference catalyst 

The reference cataryst was a homogenous CpZrCL> toluene solution, prepared by dissolving 45 mg CpZrClj in 120 
20 ml desiccated toluene at room temperature. This solution was then used as the catalyst in the reference polymerization 
test. 

Ethene polymerization 

as Ether*, homopoVmerizaton was carried out in a reactor erf 11 volume. The heptane medium (about 450 g) was 

first released into the vacuumed reactor, after which the MAO (methytalunwium oxane) eocatalyst was introduced into 
the reactor Next Me the reactor was released a 128 mg batch erf a prccatatyst disparted in toluene, sad amount 
corresponding to 4 21 x 10* mcrf Zt. Tha actual polymerization was begun by releasing ethene into the reactor. As the 
ethene was consumed, more ethene was continually added into the reactor during the entire pcJymeruaton process 

30 The pcrfytr^raatw conditions were as (crftews: temperature 80 •C.pres«ure2.Sbar.polymeri I at 1 ont«>e0.5h. Al 
(MAOVZr molar ratio 2000. Polymerization was terminated by closing the ethene Weed valve. The polymenzatton 
product was filtered, dried and weighed. The activity of the catalyst was 787 grg calm, correspond^ to 2422 g PE/ 

"** termination erf the polyethene product molecular weight by the GPC method gave the Mm** | results: K = 
3S 48 000 o/mol M» = 118.000 g*nol. and the molecular weight distribution expressed as MJM„ was 2.48. 

' The narrow molecular weight distribution of the product made using the cataryst according to the nventon w a 
explicit .nefcation of the high surface homogeneity erf the catalyst according to the mvenbon. 

The reference catalyst was also used for polymerization which was earned out as described above but by using 
4 19x10*0101* 5.1 got polymerization product was obtained, which corresponds to an activity erf 1 1 83 Kg polymer/ 
40 mol Zrm. Deiermination erf the polyethylene product molecular weight by the GPC method gave the terftowng results: 
M - 85 000 rvmoi M_ = 233.000 g/merf, and the molecular weight distribution expressed as MJM K was 2.73. 

" Example 1 showTthat the eurtace*ond eetectiv. condition, and the thus prepared cyebpentadiene surface have 
a great rfnpact on the activity erf the prepared cataVst because the catalyst according to the hvention has a twofold 
activity compared to homogeneous cataryst systems. 

4$ 

Examples 

Preparation of functional eurtacee: 

so The preparations 2-11 were carried out as in Example 1 but by applying reaction and evaporation temperature, 
suited tor each cornpound Sampto 1 was prepared in the same manner aa the modified support erf Example J. A 
commercial Sip, grade (product name EP 10. manufacturer Crossfield ltd.) harwng a large surface area (320 rrftg) 
waa used for all pr eparation.. tha SO, having been heat treated at 600 'C for 16 houra. 

The supports used for tha preparation of functional surface, and the* pretreatment in the reactor compound. 

« used (or surface modification, heat carrier amounts, evaporation and reaction temperatures as well as nitrogen purging 
l^^ures ^ durations empioyed after the reactcn are shown n Table 1 . AH reactions and treatment, were earned 
out in an inert nitrogen atmosphere. 
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<« Based on the carbon analyses ot Example 2 and relerenc* exampl* 2 and by comparing spectra 3. 4 and 5 (Figure* 

5 lo 7) it can be noticed that ethanol doee not remove all isolated SK5H hydroxyl group* Irom th. ul>ca wrlace, a* 
will *thyt*n* gfycot. at th* mm* reaction t*mp*ratur*. By m*ana o( th* proce*e according to the rvenuon i m. thu*. 
po**4bi* tkroti to convert SKX *ntir*ry to a surfac* ot th* typ* -CHj-OH. 

Thi* appeal* from Ih* IR analyai* o( th* surface treated with *thytof» r^ (Speetnan 3; Rgum 5). t^«h «h«ea 

so th* in the Wraredapeetrum tithe range 37^ 

TLi wav. numtoe£andm* **ted.SiOH peaX at wave number 3747 em-' has complete* *«PP«^aa resul 
of th* chem caJ reaction between ha ga* and th* surface. In other word*, by * »*«*Vf^^ * £ 
mentk* « is poss.bie to convert an inorganic eurtaca to an organic aurtaca in ona raacton *tap w^any^* 
wahrg. «tep* and afterUaatment «epa nec*«ary n ottm m*thod*. Th* aama P^nort»«« canefcob^nr, 

$5 Example* 3 as well a* *a and 40. wherein silica has been treated in gas phase at high temperatures ^J?*™* 1 ; 
,ubZd 1 .Jpropane dWa. From the spectra 6 and 7 (Fig.. 8 and 9). onry ttt. hydroxy. 9^^_^fed^ 

at wave numoer 3641 cm-' in th*cas* ct 2.2^ethyH .3^ropane cfo. and ^ e 
case ot 2-ethyt- 2-butyl-propane did. In particular, the use ot propane dkXs substituted wtih branched hydrocarbona 
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in the preparalion of organic chromatographic surfaces is of advantage in the process of the invention. 

Surface-bonded hydrocarbon-substituted propane d.ois whch at the same time are particular* stafaleas regards 
the impact of water and which through their organ c alcohol group render the formation of hydrogen bond* possible 
between cntomatographicany separated molecules provide a new range of application for the method according to the 
5 invention as an industrial manufacturing process due to the above advantages, and not just as a possible novel materal 
suited lor chromatography. . 

It is evident that the method according to the invention can be extensively applied n the case oi 

- diots according to Examples 6 and 7, 

ro - ether alcohols according to Examples 8 and 9 for the preparation of organic ether surfaces. 

- phenol-type alcohols wherein the phenyl ring contains a halogen substrtuent in ortho- or meta-position. 

. silicon compounds according to Examples 10 and 11 containing one or more phenyl nngs which may even contain 
a halogen substituent n ortho- or metapoeition in regard to the silicon atom. Halogen-free as well as tatogen- 
containing phenyl ring surfaces can be functonalized in accordance with the application, for stance halogen- 
r $ free phenyl ring surfaces can be functionated with organic alkali metal compounds such as butyl or methyl lithium 

Example 12 is a further application of the cyctopentadienyl surface of Example 1 (spectrum 1; Fig. 3). By means 
of the process of the invention, the obtained cyctopentadienyl surface can be transformed further to a part* or an 
entire carboxylic anhydride surface by the Die.s-Alder reaction, as will emerge from the IR spectrum 2Jn •PJ*"^ 

20 the carbonyt peak of the carboxylic anhydride is visible at wave number 1789 cm\ provrg t ^^ , «^^ 
subjected to the Diels-Aber reaction with monosubstrtuted cyclopentadiene are of partcular advantage « the further 
development of the surface toward practical applications. | ± . . 

It will be obvious for one versed in the art that the carboxylic anhydride surface can faxfy eas.hr be transformed 
into a dicarboxylic anhydride surface by treating the anhydride surface either with an aqueous soluton or wrmhumri 

2$ gas Of the practical applications of a dicarboxylic acid surface, the special capability of forming chelates with metal 
ions may be mentioned, whereby this capability may render posstole the extraction of different knds of metal one from 

^Twtfl^r^rom reference example 2 that ethanol does not remove all of the SiOH hydroxy! groups, as does 
ethylene grycoi at the same reaction temperature (cf. spectra 3. 4 and 5; Figs. 5 to 7). 

Claims 

1 . A solid-phase surface structure, comprising 

. functional groups on the surface of a substrate, sad groups forming surface binding sites to which the species 
of gas or liquid phase reactanl is at least temporarily bound due to interaction between said species and said 
functional group during a chemical reaction. 

40 characterized in that 

. essentially all functionaJ groups are attached to the substrate via a bridging group attached to surface atoms 
of the substrate. 

45 said sun-ace binding sites being so far from the surface of said substrate that the surface of said substrate does 

not have any sio^rficant influence on said mteracton between said surface binding sites and sad reactant speces 

2. The surface structure according to ctaxn 1 . wherein essentially all hydroxy! groups of an inorganic surface have 
reacted under surface bond selective conditions. 

50 3. Tr* surface structure ace* 

hyovocarbon group possibly containing at least one heteroatom. 

4. The surface structure according to any one of claims 1 to 3. wherein the bridging group comprises an alkylene or 
55 arylene group which possibly contains at least one heteroatom. 

5. The surface smidure according tocta*n2. 3 of 4. wherein the heteroatom is oxygen, nitrogen, sutohuc r^hoephorus. 

silicon, tin. or germanium. 
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6. The surface structure according to any one of me previous claims. where.n the bridging group a bound to me 
surface atoms of me substrate via silicon, tin. germanium or carbon. 

7 The surface structure according to claim 6. where* the substrate comprises an morgan* oxide, charecterUed in 
s mat the surface binding sHes are attached to the surface via a group according » lormula \fe 

»o or formula Vb 

'5 wherein 

X* it me «Xe°o1 a hJoYotyzed group which has reacted with me hydroxy groups or meta^oxygen^etal-bridges 
of me inorganic oxide. 
20 R2 is a tower atkyt group or a hydrogen atom, and 

R* is a group -(CH^-. wherem k is an integer 1 to 4, or an arytene group. 

a The surface structure accordng to claim 7. wherein the surface binding sites are cyctopentadienyl groups, whereby 
in formulas Va or Vb, respective*. R 4 stands for an alky tone group. 

9. The surface structure accordrg to claim 7. wherein me surface binding * fte ^ f ^^^^^ 
or catalytteaBy active metals or ccmpounds mereof attached to me group R* via a cyctopentadienyl group. 

10. The surface structure according to cMn 7. wherein R* represents a phenytene group and the surface binding sites 
jo a formed by the ring carbon atoms of me phenytene ring 

11 A process for preparrg a sold-phase surface structure comprising a substrate containing surface ^ing sites 

to sad binding sites of said the substrate due to interaction between said sites and saxJ species. 
35 characterized by 

- reacting the substrate with a compound of formula (I) 

40 

wherein 

A is siHoon. tin. germanium or carbon. 
45 R 1 ie ■ hydrccartxxi g^oup and 

X 1 ts a functionaJ group, and 

. canyw>g out the reaction between me substrate and me compound according to formula I under surface bond 
selective condfciona. 

1Z The procese according to claim 11. wherein a ccmpound of formula (II) is used 

xVax 1 <»> 



so 



wherein 
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X 1 and X 2 can be the same Of ditlerent and they represent a functional group, and 
R 1 and A nave the same meaning as m claim 11. 

13. The process according to claim 11 or 12. wherein X 1 and X 2 independent^ stand tor a hydroxy, alkoxy. halide. 
s aldehyde, ketone, carboxytic acid, carboxyiic anhydride, dicarboxylic acid, ester, amide, amine, nitro. nitrile or thiol 

group, and X 2 means a ring group containing a double or triple bond. 

14. The process according to ctaim 11 or 12. wherein the substrate is reacted with a compound c4 formula (V) 

wherein 

A. R 1 and X 2 have the same meaning as above. 

R2 is a hydrogen atom or a lower alkyi group. 

X 3 is a hydroryzng group which reacts with the surface atoms of the substrate and 

m is an integer 0, 1 or 2. 

20 is. The process according to claim 14. wherein in the compound according to formula V the residue X 3 is selected 
from the group consisting ol alkyl (-R*). alkoxy (•OR 5 ), carboxytic acid (-OOCR*). amine (/NR*j) or chlorine (-CI). 
wherein R 6 represents an alifatc hydrocarbon chain having 1 to 10 carbon atoms. 

16. The process according to claim 14 or 15. wherein group X 2 in formula V stands for • group which is capable of 
2S binding transition metals or impounds thereof and R 1 represents a group -(CHjV. wherein k is an integer from 

1 to 4. 

1 7. The process according to claim 1 6, wherein X 2 represents a cyclic diene structure, in particular a cyotopentadiene 
group, an indenyl group or a fluorene group. 

30 

18. The process according to claim 12. wherein the substrate is reacted with a compound of formula VI 

HO-ft'oR 7 (VI) 

35 

wherer 

R* represents a group ^CK^-. wherein k is an integer from 1 to 4. and 

R 7 is a hydrogen atom or an alkyl group (-#). wherein R* has the same meaning as above. 

40 

19. The use of a functional surface prepared according to any one of claims 1 to 10 or a functional surface prepared 
according to any one of clams 11 to 18 as a support for catalysts or procatarysts or for chromatographic applca- 
tions. 



so 



55 
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(54) Functional eurfacee for chemical reactions and proceea for the preparation thereof 



(57) The invention concerns a sold phase surface 
structure and a process for preparing such a structure. 
The surface structure comprises functional groups on 
the surface of a substrate. The species of a reactant fed 
m gas or bquid phase is bound at least temporarily to 
said groups due to the interaction between said species 
and said functional group during a chemical reaction. 
According to the invention essentialry all of the function- 
al groups are attached to the substrate via a bridging 
group bound to the surface atoms of the substrate, the 
surface binding sites being so far from the surface of the 
substrate that the surface of the substrate does not have 
any significant influence on the interaction between the 
surface binding sites and the reactant species. The 
f unctonalized surface structures can be provided by re* 
acting an inorganic oxide support with a compound or 



formula (I) 



R AX 



0) 



wherein A is silicon, tin. germanium or carbon, R 1 ts a 
hydrocarbon group and X 1 is a functional group. The re- 
action between the support and the compound of for- 
mula I is carried out under surface bond selective con- 
ditions and the reaction is continued until essentially alt 
of the hydroxy! groups of the inorganic surface have re- 
acted under surface bond selective conditions. By 
means of the invention functional ized surfaces are pro- 
vided which can be used lor chromatographic applica- 
tions and as catalyst supports. 
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